Magnetic resonance imaging abnormalities after lateral ankle trauma in injured and contralateral ankles  by van Putte-Katier, Nienke et al.
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Purpose:  To compare  the  prevalence  of  abnormal  MRI  ﬁndings  associated  with  lateral  ankle  trauma  in
injured  and contralateral  ankles  to identify  lesions  that  may  be pre-existent.
Material  and  methods:  The  study  was  approved  by the institutional  review  board  and  informed  consent
was  obtained  from  all subjects.  195  patients  (mean  age  37.5 + 14.7 years;  43%  male)  who  visited their
general  practitioner  6–12 months  earlier  with  an  ankle  sprain  were  selected.  All  patients  completed  a
standardized  questionnaire  and  underwent  MRI  (1.5T)  of  both  ankles.  Structural  MRI  abnormalities  in
the injured  and  contralateral  ankle  were  compared  using  the  McNemar  test  (for  paired  samples).
Results:  Bone  marrow  edema  was  frequently  seen  in  the  injured  and contralateral  ankle  at the  talocrural
joint  (25.1%  versus  14.8%)  and  subtalar  joint  (24.6%  versus  8.7%),  but  signiﬁcantly  more  frequently  in
the  injured  ankle.  Anterior  taloﬁbular  ligament  (ATFL)  and  calcaneoﬁbular  ligament  (CFL)  lesions  were
frequently  found  in  both  ankles,  in  55.9%  and  37.4%  of injured  ankles  respectively  and in 17.9% and  5.6%  of
contralateral  ankles  respectively.  Fractures,  anterior  and  posterior  tibioﬁbular  ligament  lesions,  deltoid
ligament  lesions  and signs  of talonavicular  osteoarthritis  were  almost  exclusively  found  in injured  ankles.
Peroneal  ligament  lesions  were  not  frequently  found  in  both  ankles.
Conclusions:  The  prevalence  of  structural  MRI abnormalities  in  patients  presenting  with  a previous  ankle
sprain  in  primary  care  is  very  high.  However,  especially  bone  marrow  edema  and  lateral  ligament  lesions
can also be found  in  a substantial  percentage  of  contralateral  ankles  and  may  be either  pre-existent  or
due  to  increased  stress  on  the  contralateral  ankle  after  an  ankle  injury  Correlation  with  clinical  ﬁndings
is essential.
©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.. Introduction
Acute ankle sprains are one of the most common musculoskele-
al injuries [1–4]. In the Netherlands, an estimated 600,000 people
ustain an ankle injury each year [5]. Approximately half of these
atients present for medical care, either at their general practi-
ioner or a hospital emergency department [5]. The majority of
hese injuries involve the lateral ankle ligament complex [6,7]
s inversion injuries are the most common trauma mechanism.
everal treatment options for lateral ankle injuries have been pub-
ished [8–10]. Although non-operative treatment is successful in
∗ Corresponding author at: Department of Radiology, Albert Schweitzer Hospital
ordrecht, PO Box 444, 3300 AK Dordrecht, The Netherlands.
E-mail address: nkatier@yahoo.com (N. van Putte-Katier).
ttp://dx.doi.org/10.1016/j.ejrad.2015.09.028
720-048X/© 2015 Elsevier Ireland Ltd. All rights reserved.most patients, residual symptoms do occur and may  lead to chronic
ankle instability when complaints last for at least 6 months. A sys-
tematic review showed that at 1-year follow-up after conservative
treatment, 5% to 33% of the patients still experience pain and insta-
bility, 34% of patients reported at least one recurrent sprain and
15% to 64% reported incomplete recovery from their initial injury
[11]. 20–40% of patients with chronic ankle instability have asso-
ciated injuries, including osteochondral lesions, peroneal tendon
tears or intra-articular loose bodies, which may  be an important
cause of long term problems [1,13]. Additional MR imaging could
be of value in patients with chronic ankle instability to guide appro-
priate treatment.
Given the frequency of ankle sprains, the prevalence of struc-
tural abnormalities in patients with persistent complaints has
been well documented [12–15]. Ochten et al. recently reported
that structural abnormalities on radiography and MRI  after
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ateral ankle sprain in patients consulting their GP are not asso-
iated with persistent complaints [16]. Data on the prevalence of
tructural abnormalities in contralateral (asymptomatic) ankles are
carce; however they are essential for clinical decision making to
void overinterpreting the signiﬁcance of injuries not causing the
atient’s actual symptoms. Only two studies reported data on struc-
ural MRI  abnormalities in asymptomatic ankles [17,18], but in both
tudies patients were not truly asymptomatic and underwent MRI
xamination for “non-lateral ankle pain” in a secondary or tertiary
are setting.
The purpose of this study was to determine the prevalence of
bnormal MRI  ﬁndings associated with lateral ankle trauma in a
rimary care setting and compare these to MRI  ﬁndings in the
ontralateral ankle to identify lesion types that may  be preexistent.
. Methods
The study was approved by the Institutional Review Board of
he hospital and written informed consent was obtained from each
atient.
.1. Patients
We  used data from patients included in an observational case-
ontrol study on persistent symptoms after lateral ankle trauma
resenting in Dutch general practice [16]. Patients were selected
rom the ﬁles of 84 participating general practitioners (GP) using
he diagnostic code ‘ankle sprain’ according to the International
lassiﬁcation of Primary Care (ICPC) and with the search terms:
ankle’, ‘distortion’, and ‘sprain’. Patients aged 16–65 years were
onsidered eligible if they had presented themselves at their GP
ith an inversion trauma of the ankle 6–12 months before start of
he study. Patients with known systemic diseases that affect the
unctioning of the musculoskeletal system (i.e. amyotrophic lat-
ral sclerosis, multiple sclerosis; auto-immune disorders such as
heumatoid arthritis and psoriatic arthritis etc.) as well as patients
ith insufﬁcient knowledge of the Dutch language were excluded.
Potentially eligible patients received a letter with a response
ard for participation on behalf of their GP. Interested patients for-
arded their contact details to the researchers. On the response
ard, several questions were asked regarding general patient char-
cteristics and persistent symptoms. Researchers contacted the
atients to further inform them of the study and to verify whether
he inclusion criteria were met. After signing informed consent,
atients were included and asked to ﬁll in an online questionnaire
nd were invited for a standardized physical examination of both
nkles (data not used for present study) and radiological examina-
ion, consisting of radiography of the injured ankle and MRI  of both
nkles.
The self-administered questionnaire contained questions on
atient characteristics (age, gender, body mass index (BMI) and
ducation level), the initial ankle sprain (side, history of previ-
us injuries and activity causing the sprain), local symptoms and
urrent complaints. Pain severity was assessed using the Numeric
ating Scale (NRS-11), an 11–point scale for patients self-reported
ain [19]. The mean ankle function score was  determined based
n 5 categories: pain, stability, weight bearing, swelling, and gait
attern. All categories were summed to a total score (range 0–100,
ith 0 representing the worst possible and 100 representing the
est possible function [20].
195 patients have been previously reported [16]. This prior arti-
le dealt with the associations between structural abnormalities on
adiography and MRI  and persistent complaints after lateral ankle
rauma. The data of the contralateral ankle were not reported in
his study.l of Radiology 84 (2015) 2586–2592 2587
2.1. Magnetic resonance imaging (MRI)
MRI  of both ankles was  performed on a 1.5 Tesla MRI  scanner
(Magnetom Essenza, Siemens Healthcare, Erlangen, Germany) with
a head-neck coil. The ankles were placed in neutral position. In
Table 1 the MRI  acquisition protocol for the injured ankle is shown.
A ﬁeld of view of 20 cm for most sequences and a slice thickness
of 3 mm were used for all sequences. The total acquisition time
was approximately 20–30 min. For feasibility reasons, in the con-
tralateral ankle only the coronal and axial sequences were obtained,
using the same scan parameters.
2.3. MRI: assessment and deﬁnitions
MR  images of the injured and contralateral ankle were evalu-
ated by one radiologist (3 years of experience in musculoskeletal
MR  imaging) using a standardized scoring form. A random sample
of 35 MRIs was  also scored by a second musculoskeletal radiol-
ogist (6 years of experience in musculoskeletal MR  imaging) to
assess interobserver reliability. The interobserver reliability was
calculated for the different MRI  items scored using Cohen’s kappa
and in case of variables with >2 categories using the intraclass
correlation coefﬁcient (ICC) resulting in a range of 0.653–1. The
percentage agreement was  98,8% (5883 of 5952 items). Because of
high agreement, the remainder of the MRIs was primarily scored
by one observer, but difﬁcult cases were interpreted together and
decision was  based on consensus. Both readers were blinded to the
patients’ characteristics and clinical data.
Osseous structures were scored for the presence or absence
of the following abnormalities: fractures, bone marrow edema,
osteochondral lesions, osteophytes, subchondral cysts, cartilage
loss (diffuse and/ or focal) and sclerosis. These items were scored
separately for the medial and lateral malleolus, inferior articular
surface of the tibia at the tibiotalar joint, medial and lateral talus,
the talus and calcaneus at the subtalar joint, and the talus and nav-
icular bone at the talonavicular joint. Bone marrow edema was
dichotomized as absent or subchondral versus present (including
<25%, 25–50%, 50–75% and >75% bone marrow edema). Presence
of osteophytes was  dichotomized as absent or small versus deﬁ-
nite. Osteoarthritis of the ankle was evaluated using an adapted
Kellgren and Lawrence scale [21]. This scale was originally devel-
oped for conventional radiography. Because no MRI  speciﬁc scale
for osteoarthritis exists for the ankle, we adapted and dichotomized
this scale into grade >1 indicating minimal signs of osteoarthritis
versus grade 0 and grade >2 indicating deﬁnite osteoarthritis versus
grade <2. Both thresholds were used in the analyses. For the purpose
of the analyses, the large numbers of items scored were clustered
for the talocrural joint, subtalar joint and talonavicular joint.
Tendons (in particular peroneus longus and brevis tendon) and
ligaments, including the anterior and posterior tibioﬁbular liga-
ments, anterior and posterior taloﬁbular ligaments, calcaneoﬁbular
ligament, deltoid ligament and the spring ligament complex, were
scored for signs of post-traumatic injury and classiﬁed as normal,
old lesion/ thickened, partial tear, complete tear and (in case of
the peroneus brevis tendon) split tendon. For the analyses, we
dichotomized the MRI  appearance of tendons and ligaments into
normal versus abnormal.
The presence of joint effusion, soft tissue edema, and loose bod-
ies was assessed for the talocrural joint. Synovitis was also scored
for the talocrural joint and was present when nodular/ thickened
synovium was seen (there was  no administration of contrast agent
in this study). We  also recorded peri-articular calciﬁcations as well
as the presence or absence of anterolateral impingement, indicated
by a proliferative synovitis and ﬁbrotic scar tissue at the lateral
gutter.
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Table 1
MRI  protocol for the injured ankle.
MRI  sequence Orientation TR (ms) TE (ms) Flipangle (degree) TI(ms) FOV(mm) Matrix NEX/average
T1 SE Sagittal 550 16 90 384 288 × 384 1
T1  TIRM Sagittal 3500 33 150 170 200 205 × 256 2
T1  FLASH Sagittal 785 7.1 60 200 224 × 320 1
PD/T2 dual TSE Coronal 4200 33/76 150 200 256 × 256 1
T1  TIRM Coronal 5330 33 150 170 200 205 × 256 2
T1  FLASH Coronal 785 7.1 60 200 224 × 320 1
PD/T2 dual TSE Axial 3500 33/76 150 200 256 × 256 1
Ms  = millisecond; mm = millimeter; TR = repetition time; TE = echo time; TI = inversion tim
FLASH  = 2D fast low angle shot; TSE = turbo spin echo.
Table 2
Patients characteristics (n = 195) at inclusion expressed as n (%) or mean (SD).
General patient characteristics Mean (SD)
Age (years) 37.5 (14.7)
Gender (male) 84 (43.1%)
Height (cm) 176.1 (10.7)
Weight (cm) 78.9 (16.8)
BMI  (kg/m2) 25.7 (4.8)
Education level
Lower 116 (59.5%)
Higher 77 (39.5%)
Clinical characteristics (injured ankle)
Side of ankle sprain (right) 108 (55.4%)
Previous ankle sprain 91 (46.7%)
Mean pain score (NRS)
In rest 1.15 (1.86)
During exercise 2.40 (2,47)
Mean ankle function score (AFS) 72.7 (20.5)
Persistent symptoms (Likert scale)
Completely recovered 30 (15.4%)
Greatly improved 71 (36.4%)
Slightly improved 50 (25.6%)
The same 17 (8.7%)
Slightly deteriorated 20 (10.3%)
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.4. Statistical analyses
The prevalence of MRI  abnormalities was determined for the
njured and contralateral ankles. Descriptive statistics were cal-
ulated. To test the differences in imaging ﬁndings between the
njured ankle and contralateral ankle the McNemar test (for paired
amples) was used. When lesions were seen almost exclusively in
he injured ankle, we considered it reasonable to attribute these
esions to recent trauma. When lesions were seen in both the
njured and contralateral ankles, we assumed that they may  be pre-
xistent. All data were analysed using SPSS for Windows (version
8.0, SPSS Inc, Chicago, Ill, USA). For all analyses, a p-value < 0,05
as indicative for statistical signiﬁcance.
. Results
Fig. 1 shows an overview of recruitment and inclusion of the
atients. Of the 207 interested patients, 195 patients completed
he questionnaire and underwent MRI  of both injured and con-
ralateral ankle and are therefore included in the analysis for
he current study purpose. Baseline characteristics are shown in
able 2. Approximately half of the patients (48,2%) experienced
ersistent symptoms after lateral ankle injury (7-point Likert scale
ategory >2). Pain scores ranged from 1,2 and 2,4 in rest and during
xercise respectively. Most ankle injuries were sustained during
ports (36,9%) and work (12,3%) related activities. 46,7% of patients
ustained one or more previous ankle sprains in the injured ankle.
he frequency distributions of structural abnormalities on MRI  ofe; FOV = ﬁeld of view; SE = Spin echo; TIRM = Turbo inversion recovery magnitude;
osseous/ cartilaginous lesions and tendons/ ligaments are shown
in Tables 3 and 4, respectively.
3.1. Osseous and cartilaginous abnormalities
Eight fractures (either consolidated or not) in the injured ankle
were detected around the talocrural joint with 7 fractures of the
lateral malleolus and 1 distal crural fracture (Table 3). Five of these
patients had undergone operative ﬁxation of the fracture. Two  frac-
tures of the navicular bone were detected in the injured ankles. No
fractures were found in the contralateral ankle. In 2 patients oper-
ative ﬁxation material was visible in the ankle due to a previous
injury unrelated to the current trauma for which they had been
included in the present study (1 injured and 1 contralateral ankle).
Bone marrow edema was  frequently seen in both the injured and
contralateral ankle at the talocrural joint and subtalar joint, but sig-
niﬁcantly more frequently in the injured ankle (Table 3). There was
a trend toward more osteochondral lesions in the injured ankle
at the talocrural joint. Minimal and deﬁnite signs of osteoarthri-
tis (Kellgren and Lawrence score >1 and >2 respectively) of the
talocrural joint were found signiﬁcantly more in injured compared
to contralateral ankles. In the subtalar joint hardly any signs of
osteoarthritis were found in both injured and contralateral ankles.
Minimal signs of talonavicular osteoarthritis were almost exclu-
sively found in the injured ankles with a Kellgren and Lawrence
score >1 in 55.4% of the injured ankles and in 4.6% of the contralat-
eral ankles (p < 0.001). Periarticular calciﬁcations, soft tissue edema
and signs of anterolateral impingement were found in both injured
and contralateral ankles, although signiﬁcantly more frequently on
the injured side (Tables 3 and 4).
3.2. Tendon and ligament abnormalities
Peroneal tendon lesions were not frequently seen in both
injured and contralateral ankles. In 4 injured and 2 contralateral
ankles a peroneus brevis split syndrome was  diagnosed. In the
injured ankles 1 patient had a partial tear and 1 patient thickening
of the peroneus brevis tendon (Fig. 3).
Anterior and posterior tibioﬁbular and deltoid ligament abnor-
malities were almost exclusively found in injured ankles. Posterior
taloﬁbular ligament lesions were only detected in 1 injured and 1
contralateral ankle.
Anterior taloﬁbular ligament (ATFL) injury was common in
both injured and contralateral ankle Fig. 2, although signiﬁcantly
more frequently in injured ankles (55,9% and 17,9% respectively,
p < 0,001). Of those patients with an abnormal ATFL (n = 109) at the
injured ankle, 82% showed a normal ATFL at the contralateral ankle
and 18% showed an abnormal ATFL at the contralateral ankle. Of
the 84 patients without ATFL lesions on the injured side, 17% had
an abnormal ATFL on the contralateral side. Calcaneoﬁbular liga-
ment (CFL) was  found signiﬁcantly more frequent in the injured
ankle compared to the contralateral ankle. Of the patients with an
abnormal CFL (n = 74) at the injured ankle, 90% showed a normal CFL
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Fig. 1. Flowchart of the study.
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cig. 2. Abnormal anterior taloﬁbular ligament in the right (injured) ankle. Axial PD
mage shows thickening of the ligament after lateral ankle trauma.
t the contralateral ankle and 10% showed an abnormal CFL on the
ontralateral ankle. Of the 120 patients without CFL lesions on the
njured side, 98% of patients had a normal CFL on the contralateral
ide and only 2% of patients and abnormal CFL on the contralateral
ide. In the majority of the patients (64.2%) with ATFL lesions in the
njured ankle, the CFL was also injured. 35.8% of patients had an
solated injury of the ATFL in the injured ankle. Only 3 patients had
n isolated lesion of the CFL in the injured ankle.
. Discussion
This is the ﬁrst study to report on structural MRI  abnormali-
ies in both injured and contralateral (asymptomatic) ankles in the
eneral population after lateral ankle trauma. We  found that the
revalence of structural MRI  abnormalities is signiﬁcantly higher
n injured compared to contralateral ankles. This study also shows
hat a substantial number of MRI  abnormalities can be found in
he contralateral ankle suggesting that some lesions may  be pre-
xistent. In particular bone marrow edema and ATFL lesions were
ften found contralaterally; 1 out of 7 patients had bone marrow
dema at the talocrural joint and 1 out of 5 patients had an abnor-
al  ATFL in the contralateral ankle. This emphasizes the danger of
aking clinical decisions on the basis of MRI  alone without clini-
al information, especially in view of the increasingly widespreadFig. 3. Abnormal peroneus brevis tendon with focal in the left (injured) ankle. Axial
PD.
use of MRI. Some of the contralateral MRI  abnormalities could also
be the result of increased stress on the contralateral ankle after an
ankle injury.
Acute ankle sprains are one of the most common musculoskele-
tal injuries with injuries to the lateral collateral ligaments being
responsible for the majority of ankle sprains [2,4] The predictable
pattern of injury ﬁrst involves the ATFL, followed by the CFL, and
ultimately the PTFL [2,4]. Broström reported surgical data on the
frequency of chronic ligament injury after ankle sprains [15]. In 66%
of cases isolated injury of the ATFL was  found, in 20% of cases a com-
bination of ATFL and CFL tear was reported. Isolated CFL injury was
found to be very rare and the PTFL was  seldom injured. In a study
on accuracy of MRI  ﬁndings in 48 patients with clinically suspected
chronic ligament injury 40 ATFL injuries (83%) and 16CFL injuries
(33%) were diagnosed on MRI  [12]. Lee and colleagues recently
reported a frequency of 188 ATFL lesions (82%) and 84CFL lesions
(37%) on MRI  in 229 patients with recurrent ankle sprain or sub-
jective signs of ankle instability [22]. Our data for the injured ankle
partially support these ﬁndings with a somewhat lower prevalence
of ATFL lesions in the injured ankles, but a substantially higher
prevalence (64.2%) of combined injury of the ATFL and CFL. In only
3 patients an isolated CFL injury was  found in the injured ankle and
only one patient had a PTFL injury, which is in agreement with the
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Table 3
Number of MRI  abnormalities in the injured and contralateral ankles of 195 patients with lateral ankle trauma: osseous and cartilaginous structures.
Injured ankle Contralateral ankle P-value
n (%) n (%)
Talocrural joint
Fracture 8 4.1 0 0.0 0.008
Bone  marrow edema 0.003*
Subchondral 17 8.7 15 7.7
<25%  33 16.9 18 9.2
>25%  16 8.2 11 5.6
Osteochondral lesion (present) 11 5.6 3 1.5 0.057
Osteophyte <0.001**
Small 57 29.2 20 10.3
Evident 20 10.3 3 1.5
Subchondral cyst (present) 4 2.1 3 1.5 1.000
Cartilage loss (present) 20 10.3 3 1.5 <0.001
Sclerosis (present) 4 2.1 0 0.0 0.125
Kellgren and Lawrence score 0.001/<0.001***
Normal 114 58.5 171 87.7
Grade 1 62 31.8 19 9.7
>  Grade 2 19 9.7 4 2.1
Subtalar joint
Fracture 0 0 1 0.5 1.000
Bone  marrow edema <0.001
Subchondral 11 5.6 5 2.6
<25%  39 20 15 7.7
>25%  9 4.6 2 1.0
Osteochondral lesion (present) 1 0.5 0 0.0 1.000
Osteophyte 0063**
Small 12 6.2 0 0.0
Evident 5 2.6 0 0.0
Subchondral cyst (present) 5 2.6 2 1.0 0.375
Cartilage loss (present) 5 2.6 0 0.0 0.063
Sclerosis (present) 15 7.7 0 0.0 <0.001
Kellgren and Lawrence score <0.001/1.000***
Normal 178 91.3 194 100.0
Grade 1 17 8.7 0 0.0
>  Grade 2 0 0 0 0.0
Talonavicular joint
Fracture 2 1 0 0.0 0.500
Bone  marrow edema 0.027*
Subchondral 3 1.5 3 1.5
<25%  15 7.7 7 3.6
>25%  8 4.1 5 2.6
Osteochondral lesion (present) 0 0 0 0.0 1.000
Osteophyte <0.001**
Small 84 43.1 5 2.6
Evident 22 11.3 3 1.5
Subchondral cyst (present) 1 0.5 2 1.0 1.000
Cartilage loss (present) 39 20 4 2.1 <0.001
Sclerosis (present) 92 47.2 3 1.5 <0.001
Kellgren and Lawrence score <0.001/<0.001***
Normal 87 44.6 185 94.9
Grade 1 80 41 6 3.1
>  Grade 2 28 14.4 3 1.5
Soft  tissue calciﬁcation
Medial malleolus (present) 12 6.2 2 1.0 0.013
Lateral malleolus (present) 21 10.8 6 3.1 0.007
Talus  (present) 9 4.6 4 2.1 0.227
Os  naviculare (present) 19 9.7 0 0.0 <0.001
* Absent and subchondral bone marrow edema versus >25% bone marrow edema.
o oste
n
ﬁ
r
b
f
s
[
a
a
l** Absent/ small osteophytes versus deﬁnite osteophytes.
*** Minimal signs of osteoarthritis(Kellgren and Lawrence score grade >1) versus n
o  osteoarthritis.
ndings of Broström et al. In contrast to our ﬁndings several authors
eported a frequent association between chronic lateral ankle insta-
ility and (partial) peroneal tendon tears with percentages ranging
rom 17 to 44% diagnosed on MRI  [23–25]. Especially peroneal split
yndrome due to subluxation of the tendon has been described
25]. We  only found peroneal tendon injuries in 4% of the injured
nkles. The differences in prevalence of ankle lesions in the injured
nkles are most likely attributable to the difference in study popu-
ation: primary care patients after lateral ankle trauma in our studyoarthritis/ Deﬁnite signs of osteoarthritis (Kellgren and Lawrence score > 2) versus
versus symptomatic patients with chronic lateral ankle instability
in secondary or tertiary care centers for all previous studies.
The prevalence of abnormal MRI  ﬁndings in asymptomatic
patients has been reported for several joints, including the knee,
wrist and hip [26–28]. Only two (retrospective) studies reported
data on abnormal MRI  ﬁndings in asymptomatic lateral ankles, in
which ATFL and CFL lesions were frequently found; Saxena et al.
reported 29% ATFL lesions and 11% CFL lesions [17] compared to
62% ATFL lesions and 39% CFL lesions in the study of Galli et al
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Table  4
Number of MRI abnormalities in the injured and contralateral ankles of 195 patients with lateral ankle trauma: tendons, ligaments and other abnormalities.
Injured ankle Contralateral ankle P-value
n (%) n (%)
Tendons
Peroneus longus tendon (affected) 1 0.5 1 0.5 1.000
Peroneus brevis tendon (affected) 6 3.1 2 1.0 0.219
Ligaments
Anterior taloﬁbular ligament <0.001
Normal 85 43.6 159 81.5
Partial  rupture 22 11.3 6 3.1
Total  rupture 10 5.1 7 3.6
Old  lesion/ thickened 77 39.5 22 11.3
Posterior taloﬁbular ligament 1.000
Normal 193 99 191 97.9
Partial  rupture 0 0 0 0.0
Total  rupture 0 0 0 0.0
Old  lesion/ thickened 1 0.5 1 0.5
Calcaneoﬁbular ligament <0.001
Normal 121 62.1 183 93.8
Partial  rupture 1 0.5 0 0.0
Total  rupture 0 0.0 0 0.0
Old  lesion/ thickened 72 36.9 11 5.6
Anterior tibioﬁbular ligament <0.001
Normal 170 87.2 192 98.5
Partial  rupture 1 0,5 0 0.0
Total  rupture 1 0.5 0 0
Old  lesion/ thickened 20 10.3 2 1.0
Posterior tibioﬁbular ligament 0.219
Normal 187 95.9 193 99.0
Partial  rupture 0 0 0 0,0
Total  rupture 1 0,5 0 0,0
Old  lesion/ thickened 4 2.1 1 0.5
Deltoid ligament <0.001
Normal 173 88.7 192 98.5
Partial  rupture 2 1 1 0.5
Total  rupture 0 0 0 0.0
Old  lesion/ thickened 19 9.7 1 0.5
Spring  ligament 1.000
Normal 195 100 194 99.5
Partial  rupture 0 0 0 0.0
Total  rupture 0 0 0 0.0
Old  lesion/ thickened 0 0 0 0.0
Other
Joint  effusion (present) 68 34.9 35 17.9 <0.001
Anterolateral impingement (present) 22 11.3 7 3.6 0.003
0.5 
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Loose body (present) 2 
Soft  tissue edema (present) 20 
18]. Both studies reported 30% peroneal tendon lesions. There was
 high prevalence of other lesions found in these patients, includ-
ng medial ligament lesions (31%) [18], Achilles tendinopathy (40%)
17] and tibial tendon dysfunction (26%) [17]. These percentages are
ubstantially higher than in our study. However, patients in both
tudies were not truly asymptomatic but underwent MRI  exami-
ation in a secondary/ tertiary care center for “non-lateral ankle
ain”. This very likely explains the high prevalence of lesions in
he two studies and in our view does not accurately represent the
rue prevalence of lesions in asymptomatic ankles in the general
opulation. It could be argued that our population does not rep-
esent a truly asymptomatic population. The injuries found in the
ontralateral ankle may  be the result of overloading the contralat-
ral asymptomatic ankle after an ankle injury or inﬂuenced by the
hance that a patient who injures one ankle is more likely to have
njured the other ankle in the past. Performing a study in normal
symptomatic volunteers could unravel this more accurately.
Data on osteoarthritis in the ankle in general and more speciﬁ-
ally after ankle trauma are sparse. The prevalence of primary ankle
steoarthritis is much lower than for the knee and hip, but the num-
er of patients diagnosed with secondary osteoarthritis due to a1 0.5 1.000
0 0.0 0.500
 10 5.1 0.031
posttraumatic etiology is much higher [29,30]. In our study, signs
of talocrural and especially talonavicular osteoarthritis were found
signiﬁcantly more frequently in injured compared to contralateral
ankles. It could be speculated that in these patients osteoarthritis
develops secondary to the ankle sprain due to the occurrence of
acute osteochondral lesions/ fractures or chronic changes in ankle
biomechanics (e.g. due to ligamentous instability) leading to repeti-
tive cartilage stress and subsequent degeneration, or a combination
of these two  processes [29]. Although osteoarthritis features were
more commonly found in the injured ankle, we cannot be com-
pletely sure if all osteoarthritis ﬁndings were attributable to the
injury. Because of the relatively short time interval between trauma
and MR  imaging, some osteoarthritis ﬁndings could have been
pre-existent. We  believe however that this percentage was  not very
high because of the relatively young age of the study group.
Our study had limitations. There was a difference in the num-
ber of images/MRI sequences between the injured and contralateral
ankle. Radiologists were therefore not completely blinded to infor-
mation on the injured and contralateral side. Although a large
number of items on MRI  were scored primarily by one radiolo-
gist with 3 years of experience in musculoskeletal MRI, we  feel
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hat interpretation errors will likely be minimal, since all difﬁ-
ult cases were reviewed in consensus with a more experienced
usculoskeletal radiologist and a very high level of interobserver
greement was demonstrated for the subset of patients scored by
oth radiologists. Information on history of previous ankle injury
as only available for the injured ankle.
We  conclude that the prevalence of structural MRI  abnormali-
ies in patients presenting in general practice with a previous ankle
prain is very high. However, especially bone marrow edema and
ateral ligament lesions can also be found in a substantial percent-
ge of contralateral ankles suggesting that they may be pre-existent
r the result of increased stress on the contralateral ankle after
n ankle injury. Correlation with clinical ﬁndings is essential for
linical decision making.
unding
This study was supported by ZON-MW (The Netherlands orga-
ization for health research and development), project number
201.1007.
eferences
[1] A.C. Pijnenburg, C.N. van Dijk, P.M. Bossuyt, R.K. Marti, Treatment of ruptures
of  the lateral ankle ligaments: a meta-analysis, J. Bone Joint Surg. Am.  82 (6)
(2000) 761–773.
[2] K.F. Kreitner, A. Ferber, P. Grebe, M.  Runkel, S. Berger, M.  Thelen, Injuries of
the lateral collateral ligaments of the ankle: assessment with MR imaging,
Eur. Radiol. 9 (3) (1999) 519–524.
[3] P. Kannus, P. Renstrom, ent for acute tears of the lateral ligaments of the ankle
operation cast, or early controlled mobilization, J. Bone Joint Surg. Am.  73 (2)
(1991) 305–312.
[4] P. Holmer, L. Sondergaard, L. Konradsen, P.T. Nielsen, L.N. Jorgensen,
Epidemiology of sprains in the lateral ankle and foot, Foot Ankle Int. 15 (2)
(1994) 72–74.
[5] J. Belo, P. Buis, R.M. van Rijn, et al., The Dutch College of General Practitioners
(NHG) practice guideline ankle sprains. www.nhg.nl2012.
[6] S.J. Erickson, J.W. Smith, M.E. Ruiz, et al., MR imaging of the lateral collateral
ligament of the ankle, Am.  J. Roentgenol. 156 (1) (1991) 131–136.
[7] E.F. Verhaven, M.  Shahabpour, F.W. Handelberg, P.H. Vaes, P.J. Opdecam, The
accuracy of three-dimensional magnetic resonance imaging in the diagnosis
of  ruptures of the lateral ligaments of the ankle, Am.  J. Sports Med. 19 (6)
(1991) 583–587.
[8] G.M. Kerkhoffs, P.A. Struijs, R.K. Marti, W.J. Assendelft, L. Blankevoort, C.N. van
Dijk,  Different functional treatment strategies for acute lateral ankle ligament
injuries in adults, Cochrane Database Syst. Rev. 3 (2002), CD002938.
[9] G.M. Kerkhoffs, B.H. Rowe, W.J. Assendelft, K. Kelly, P.A. Struijs, C.N. van Dijk,
Immobilisation and functional treatment for acute lateral ankle ligament
injuries in adults, Cochrane Database Syst Rev. 3 (2002), CD003762.
10] G.M. Kerkhoffs, H.H. Handoll, R. de Bie, B.H. Rowe, P.A. Struijs, Surgical versus
conservative treatment for acute injuries of the lateral ligament complex of
the  ankle in adults, Cochrane Database Syst Rev. 3 (2002), CD000380.
11] R.M. van Rijin, A.G. van Os, R.M. Bernsen, P.A. Luijsterburg, B.W. Koes, S.M.
[l of Radiology 84 (2015) 2586–2592
Bierma-Zeinstra, What is the clinical course of acute ankle sprains? A
systematic literature review, Am. J. Med. 121 (2008) 324–331.e7.
12] H.J. Park, S.D. Cha, S.S. Kim, et al., Accuracy of MRI  ﬁndings in chronic lateral
ankle ligament injury: comparison with surgical ﬁndings, Clin. Radiol. 67
(2012) 313–318.
13] A.B. Kirby, D.P. Beall, M.P. Murphy, J.Q. Ly, J.R. Fish, Magnetic resonance
imaging ﬁndings of chronic lateral ankle instability, Curr. Probl. Diagn. Radiol.
34  (5) (2005) 196–203.
14] W.J. Choi, J.W. Lee, S.H. Han, B.S. Kim, S.K. Lee, Chronic lateral ankle
instability: the effect of intra-articular lesions on clinical outcome, Am.  J.
Sports Med. 36 (11) (2008) 2167–2172.
15] L. Brostrom, Sprained ankles VI. surgical treatment of chronic ligament
ruptures, Acta Chir. Scand. 132 (5) (1966) 551–565.
16] J.M. van Ochten, M.C. Mos, N. Putte-Katier, E.H. Oei, P.J. Bindels, S.M.
Bierma-Zeinstra, M.  van Middelkoop, Structural abnormalities and persistent
complaints after an ankle sprain are not associated: an observational case
control study in primary care, Br. J. Gen. Pract. 64 (626) (2014) e545–e553.
17] A. Saxena, A. Luhadiya, B. Ewen, C. Goumas, Magnetic resonance imaging and
incidental ﬁndings of lateral ankle pathologic features with asymptomatic
ankles, J. Foot Ankle Surg. 50 (4) (2011) 413–415.
18] M.M.  Galli, N.M. Protzman, E.M. Mandelker, A.D. Malhotra, E. Schwartz, S.A.
Brigido, Examining the relation of osteochondral lesions of the talus to
ligamentous and lateral ankle tendinous pathologic features: a
comprehensive MRI  review in an asymptomatic lateral ankle population, J.
Foot Ankle Surg. 53 (4) (2014) 429–433.
19] C.T. Hartrick, J.P. Kovan, S. Shapiro, The numeric rating scale for clinical pain
measurement: a ratio measure? Pain Pract. 3 (4) (2003) 310–316.
20] R.A. de Bie, H.C. de Vet, F.A. van den Wildenberg, T. Lenssen, P.G. Knipschild,
The  prognosis of ankle sprains, Int. J. Sports Med. 18 (4) (1997) 285–289.
21] I.F. Petersson, T. Boegard, T. Saxne, A.J. Silman, B. Svensson, Radiographic
osteoarthritis of the knee classiﬁed by the Ahlback and Kellgren & Lawrence
systems for the tibiofemoral joint in people aged 35–54 years with chronic
knee pain, Ann. Rheum. Dis. 56 (8) (1997) 493–496.
22] K.M. Lee, C.Y. Chung, S.S. Kwon, et al., Relationship between stress ankle
radiographs and injured ligaments on MRI, Skeletal Radiol. 42 (11) (2013)
1542–1637.
23] B.F. DiGiovanni, C.J. Fraga, B.E. Cohen, M.J. Shereff, Associated injuries found in
chronic lateral ankle instability, Foot Ankle Int. 21 (2000) 809–815.
24] H.J. Park, S.D. Cha, H.S. Kim, M.K. Chung, S.H. Won, S.Y. Lee, M.S. Park,
Reliability of MRI ﬁndings of peroneal tendinopathy in patients with lateral
chronic ankle instability, Clin. Orthopaedics Surg. 2 (4) (2010) 237–243.
25] M.  Sobel, M.J. Geppert, R.F. Warren, Chronic ankle instability as a cause of
peroneal tendon injury, Clin. Orthopaedics Relat. Res. 296 (1993) 187–191.
26] M.  Zanetti, M.D. Linkous, L.A. Gilula, J. Hodler, Characteristics of triangular
ﬁbrocartilage defects in symptomatic and contralateral asymptomatic wrists,
Radiology 216 (3) (2000) 840–845.
27] B. Register, A.T. Pennock, C.P. Ho, C.D. Strickland, A. Lawand, M.J. Philippon,
Prevalence of abnormal hip ﬁndings in asymptomatic participants: a
prospective, blinded study, Am. J. Sports Med. 40 (12) (2012) 2720–2724.
28] S.S. Boks, D. Vroegindeweij, B.W. Koes, M.M.  Hunink, S.M. Bierma-Zeinstra,
Magnetic resonance imaging abnormalities in symptomatic and contralateral
knees: prevalence and associations with traumatic history in general practice,
Am.  J. Sports Med. 34 (12) (2006) 1984–1991.
29] V. Valderrabano, M. Horisberger, I. Russell, H. Dougall, B. Hintermann,1800–1806.
30] T.D. Brown, R.C. Johnston, C.L. Saltzman, J.L. Marsh, J.A. Buckwalter,
Posttraumatic osteoarthritis: a ﬁrst estimate of incidence, prevalence, and
burden of disease, J. Orthopaedics Trauma 20 (10) (2006) 739–744.
